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^ var?ab£e optical attenuator of optical path conversion 



BACKGROUND OF THE INVENTION 

-| p-jolH of t±ie Tnvpntinn 

5 The present invention relates to a variable optical 

attenuator, and more particularly to a variable optical 
attenuator of optical path conversion (hereinafter will be 
referred to as a path-converted variable optical attenuator) that 
D adopts a Micro Electro Mechanical System (MEMS ) type and reflects 

□ 10 optical signal launched from the transmitting fiber to the 
S receiving fiber to a separate path from paths of 

U transmitting/receiving fibers so that attenuation may not change 

%t according to wavelength. 

15 2 n oq p r i r finn of Pointed Art 

In general, an optical attenuator as one of optical 
communication instruments artificially adjusts the intensity of 
incident light for a certain magnitude to cause optical loss so 
that a beam of attenuated light may emerge from the optical 
20 attenuator. Accordingly, the optical attenuator optimally 
adjusts the intensity of light incident on a light receiving 
element so as to be used in an optical communication network or 
an optical measuring instrument. 

The optical signal attenuator for optical communication is 

25 an optical component having a set of input and output waveguides 

1 



□ 
U 



for causing a certain magnitude of optical loss to input light 
and outputting attenuated optical power. 

in the optical communication, the optical communication 
power level is different according to a system configuration and 
5 includes the difference in transmission loss of optical fiber due 
to transmission distance, the number of optical fiber coupling 
portions, the number and performance of optical components such 
as optical divider/coupler used in transmission lines. When the 
{J optical receiving level is excessive, the optical attenuator is 

| 10 used for adjustment of the optical receiving level. 
% In addition, the optical attenuator has representative 

U applications such as estimation, adjustment and correction about 

the communication instruments or the optical measurement 
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W instruments. 



15 According to the aspect of functions thereof, the optical 

attenuator can be classified into a fixed optical attenuator for 
applying a certain quantity of attenuation to light, and a 
variable optical attenuator (VOA) capable of varying the quantity 
of attenuation. 

20 Also, it is important for the optical attenuator to have 

the fixed quantity of attenuation according to wavelength in the 
used wavelength range. 

The variable optical attenuator of the prior art is 
generally classified into a waveguide-type attenuator using a 

25 thermo-optic effect of silica or polymer-based material, a 
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mechanical connector-type large-sized attenuator and an MEMS 
attenuator using an MEMS actuator. 

Flgs . 1 and 2 schematically show a shutter-type MEMS 
variable optical attenuator of the related art. 
5 The reference number 41 designates a transmitting fiber, 

42 designates a receiving fiber, 43 designates a movable shutter. 
44 designates connecting means, and 45 designates a shutter 
portion of the movable shutter 43. 

Fig. 1 depicts the shutter-type MEMS variable optical 
10 attenuator of the prior art before the movable shutter is operated, 
in which transmission is made from the transmitting fiber 41 to 
the receiving frber 42 without attenuation of an optical signal. 

Fig. 2 depicts the shutter-type MEMS variable optical 
attenuator of the prior art after the movable shutter is operated, 
5 I5 in which the optical signal is transmitted from the transmitting 
fiber 41 to the receiving fiber 42 after being attenuated as much 
as screened by the shutter portion 45. 

in such a shutter-type MEMS variable optical attenuator, 
the movable shutter 43 is posrtioned between a pair of 
,0 transmittrng/receiving fibers and the connection area between the 
two optical fibers 41 and 42 is adjusted according to displacement 
of the movable shutter 43 in order to control insertion loss. 

However, such a shutter-type variable optical attenuator 
has a drawback that the optical signal returns to the transmitting 
25 fiber 41 reflected from the movable shutter 43 in which the 
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„„ Mral siqnal should be minimized, 
influence of the returning optrcal signs 

Figs 3 and 4 schematically show a micro-rotational 
mir ror-type M E MS attenuator of the related art, in which the 

5 an output fiber. 

Fig . 3 depicts the micro-rotational mirror-type HEMS 
attenuator of the prior art before the mirror is inclined, in which 

le ns 52, reflected by the mirror 53, and then focused through the 
10 iens 5 2 again to proceed into the output fiber 54 without being 
attenuated . 

Fig 4 depicts the micro-rotational mirror-ty P e MCMS 
attenuator of the prior art after the mirror is inclined, in which 
th e optical signal from the input fiber 51 is focused through the 
15 lens 52, reflected by the inclined mirror 53, and then focused 

« to nroceed into the output fiber 54 as 
through the lens 52 to proceeo 

attenuated as much as the mirror is inclined. 

accordingly, in the micro-rotational mirror-type variable 
optical attenuator, the input/output optical fibers 51 and 52 are 
20 connected using reflection of the mirror and each displacement 
of the mirror is used to control insertion loss. 

However, such a micro-rotational mirror-type variable 
optical attenuator has a drawbac, that the mirror 53 should be 
mounted parallel to the substrate so that a difficult packing 
25 1S reguired in which the optical fibers is perpendicularly 
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h e a di «erence in performance accords to 
WSCanha h Al so infrastructure, theopticai 

5 £ibe r, advantageous to arrange 

the optica, « thesubstrate tii 

• i 4-o the device substrate. 
i fiber vertical to tne 

the optical fiber wm-i-er-type MEMS 

,, lp the structure of the shutter typ 

15 the optical fiber to the transmitting fiber 

re£1 ected from the shutter returns to 
causing a noise signal. 



SUMMARY OF THE INVENTION 

„■ alv the present invention has been proposed 
20 Accordingly, P an ofa . ect 

solve the foregoing pro.lems of the prror art n 

of the mention to provide a ^ ^ ^ optical 

an MFMS type and reflects an op 

attenu ator W hich adopts an . „ g/receiving 
sign al to a separate path from paths 



■ -ng fiber, so that attenuations not vary accord 
to the receiving fiber, b 

to wavelength. he 
according to an embodiment of the invents 

. t it is provided a path-converted varrable 
foregoing object, . tt ina fiber for launching 

■ o-inn- a transmitting tioex j. 
optica! attenuator comprising .at 

ODt icai signal through a transmitting core, a recei 
an ° P . , from the transmitting fiber 

for receiving the optical srgnal 

• an d a mirror having a rerieo 
trough a receiving core, and a 

i launched from tne \.lo-» 
obstructing the optrcal srgnal launch 

fitting fiber from proceeding into the 
core of the transmittrng dlrec tion 

. .„„ fiber , and being displaced rn a dr 
core of the recervrng transmit tin, fiber 

Rowing a portion of the optical signal of that 

■ na fiber to attenuate the optrcal srgnal. 
into the receiving fiber c 

BRIEF DESCRIPTION OF THE DR*W™» 

-in the appended drawings: 

l g . , schematically shows a shutter-t yP e ^ variable 
optical attenuator of the relate d 

Fig . 2 schematically shows the shutter typ 

• , „ith a movable shutter being 
20 optical attenuator shown in Fig. 1 with a 

mOVed '' „ s a micro-rotational mirror-type 

Fig. 3 schematically shows a micro 

— — " °' " lated " h t; the micro-rotational 

Fia 4 schematically shows the 

• p-„ 3 with a mirror being 



inclined; 



ied '* a oath-converted variable 

Hra ilv shows a pa^n 
Fig- 5 schematically 

^ t-he invention; 
optical attenuator conver ted variable 

. fi schematically shows the path 

, optical attenuator shown „ erted liable 

— — :: ; .iioh is — 

optical attenuator shown xn Fro. 

SUbS " ate; . . perspective vrew of a plurality o £ the 
Fig. 8 is a persp 

Fi9 - 9lSaP . nFig 5 mounted with an MEMS actuator. 

optical attenuator shown rnFrg.S 

15 "led desertion will he made about a 

Her6in , att enuator o f optical path conversroh 

liable optrcal path . c onverted variable 

. n be referred to as f 
(hereinafter will Dre£e rred embodiment o£ the 

— «— m - 

20 invention in reference rhe path-converted variable 

Flgs . 5 and 6 schematically show the path 

t-he invention. 

— a " enUat ° r aCC ° rd ;ld . the path-converted variable 
RS Sh ° Wn ln F19S ' . d o£ a transmitting optical fiber 
K n for lau nchin g an optrcal srona 



i f-ihpr from the 
. • 0 fiber for recerving the optrcal frber 
12: a recervrng frber refl ector 

o fiber 11 through a receivrng core 
transmrttrng frber transra itting core 

„ into the recervmg core r . on o£ the optical signal 

• '"-"""::;:r;:;:::::i---»-«™»" 

from the transmitting fiber 

75 th ere bY attenuate the optical signal. 

73 is linearly displaced in 
The mirror transmitting fiber 

launched from the coincide 

aionq a path tnar uu 
— 74 ° £ ml "° ^ he transmitting/receiving fibers 
wlth the optical path between the 

h wn in Fig 5 which is mounted on a substrate, 
i of t-pnuator shown m t ig- J 
° PtlC3la . 7 the path-converted variable optrcal 

20 paraliel to the transmrttmg frber 

the mirror 13. plurality of the 

Fig- 8 is a perspective vrew ^ 
path .oonvertedvarrable optica! attenuator shown 

^ n a semiconductor wafer, 
is mounted on a se _ t i tu ted b y further 

2 _ as shown in Fig. » r ^ 
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M 78 which is arranged in parallel 

- the ttansmittin : r; f «: * ^.1^ 

h of the plurality of receiving f rbers 

... mounte d with an MEMS actuator . 
--^"-:;:r reconvert, varrable o P tical 

BS5h ° ses an MEMS actuator 79 f° E controlling 

10 attenuat or further copses ^ ^ 

th e mirror ,3 to linearly move »'* ^ ^ 

reCe " n9 f ;:: r d el'ri P tion wiU he ma d e about the operation of 
Detailed descrip invention 

0£ thi s conjuration as fol-s. ^ 
F±rst , the mention proposes 

— - ° PtiCal atteM n ated fro. variable 
, . «nlve performance problems generated 
ls adopted to solve pe conslderat ion is ma d e 

»r:::r::i::: rr— . 
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e ar.ably -duced co, P - to a mechanical 
— M 13 £ the pri or art so that development 

connector-type attenuator of the pr 

du ct excellent in competitiveness can be expect 

. r 73 is not displaced in the directs 

betueen the 

the optical P^ n 
perpendicular to tne 

12o£ the transmitting fiber 71 proceeds rnto 
transmitting core 72 of t ^ 
the receiving cere 76 of the rece.vrng fiber 

. 73 i sd ispiaced in the direction perpendicular 

and 75. ected f rom 

In this case, a portion of the opticais^airef fee 

fl ctor 74 displaced as much as a gap 6 proceeds along a 
the reflector 74 dr p betue en the 

the optical patn 
20 path separate from the op 

L^n,— frbers 71 and 7 5 ^ 

trans.itt^f.er 71 does hot collides ihto the reflec o 

• ^ the receiving core 76 ot tne 
to linearly move into the rece 
the mirror 73 to im« c , nna l from 

<- w Thus, optical signal rroi 
• • „ fiber 75 as attenuated. Thus, f 
95 receiving fiber /o 
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• fiber 75 which is 

attenueted as a 9 ap . ^ ^ ±> partiaUy 

— ^ SinCS " different path *hen the -Ue 
— - — ^ alOT9 3 di e ction to the optical 

path b et U een the " ^ quantity . Thus , 

linht in decreased quantify- 
. • f ;wpr 75 receives lignt in 
receiving fiber .b r 

• ^ is composed of a siae 

— ;r:::::::;:: : 

• 7 the optical fibers 

Also, as shown m Fig. 7, tne 

noi to the substrate 77. 
Further, as shown m Fig. 8, tne p 

attenuators hevrng the eaoh 

• ■ „ £i ber 75 end the eech mirror 73 a s ohe set. 

the semiconductor wefer 7S can P 
attenuate the plurelity of optrcel srg 

Si9nalS ' • or perpendicularly distenced fro, the 

2 - The micro-mirror perpeno 
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movab le MEMS actuator 79. ^ 

w the MEMS actuator /y is 

^ ufa cturin g technolo g y. 
of . semiconductor — tU ^ ^ coMected 

a nd ultimate devices can he ^ 
As .escrrhed hereinhefore, the ^ 

o — — r ° f the inventi :; 

Hra , siq nal launched from the tran 
-nects the optical sro ^ ^ q£ 

i that the^uantrt, of 
"-"T^l^to^thaaaneffe. 
attenuation may not be van 

15 thereof. features because 

Als o, the invention is excellent rn loss 

it ls „elen g th dependent that a— * 

•or art and can be developed as proa 
ha ve in the prror art, ^ ^ 

" — - d Sm311 I:!, excellent performance in loss 

*-k,,c has remarKauxy <- 
attenuator, thus has furiza tion compared to 

£eatures , U avelen 9 th dependency and — 

f other driving type. 



the op tical s.nal i. — reflected fro, th e 
retu rns t o tbe transom, fiber and tbe attenuated 
ligh t ma y not in n,»ce the trans m ittin g » r receivin, frbe. 
Moreover, the , variable optica! attenuate 

4- = i fibers to be arranged parallel 
5 of the invention allows the optxcalfxberst 

h .diacent to each other for eliminatxng 
to the substrate and adjacent to 

n ecessrty of the — thereby — » — " ^ 
comp le X ity o f structure that the rotational ro irror-type 
variable optical attenuator. 

F urther, t h e invention provi.es .icro-ad.ust.ent usrn, 
MEMS actuator .parent fro, the oonventional 
variable optroal attenuator usin, a m otor, an. thus hes an 
that attenuation oan be m aba while constantly .aintarnrn, 
.ausaian d rstribution o f tbe optical si 9 nal. Moreover, couple 

~a vw n=se of the motor 
15 efficiency, bee, lash and product srze caused by 

can be solved. 

whil e it bas been described sbout tbe preferred e m bodr m ent 
o£ the mention, tbe present invention can adopt a n um ber of 
varratrons, m odrfication and » is apparent that 

he suitably varied and equally applied xn the 
20 the embodiment can be suxtaoxy 

mention. Therefore, the fore g oin 9 description sball not 
r estrict tbe scope of tbe invention which will be defined by tbe 
following claims. 
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